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Listing of the Claims: 

Claim 1 (currently amended): An ion plating device comprising: 
a vacuum chamber adapted to be evacuated; 

a substrate holder placed in the vacuum chamber for holding a substrate; 

a vaporizing source for vaporizing a film forming material to be formed on the 
substrate within the vacuum chamber; 

a power supply unit including an RF power unit connected to the substrate holder for 
supplying RF power to an inside of the vacuum chamber through the substrate holder for 
changing a the vaporized film forming material into a plasma and for depositing the film 
forming material from the plasma on the substrate and a bias power supply unit connected to 
the substrate holder in parallel to the RF power unit for supplying a bias voltage to the inside 
of the vacuum chamber through the substrate holder simultaneously with the power supplied 
by the RF power unit, and 

a controller wherein the bias power supply unit is adapted to output the bias voltage 
composed of a negative bias component having a predetermined negative voltage value for a 
predetermined output time and a pulse bias component corresponding to a pulse output 
having a positive voltage value for a predetermined time with a cycle set in a range of 1 kHz 
to 1 GHz, and 

the controller controls the ion plating device such that so that the ion plating device 
sequentially performs a preliminary plasma forming process is adapt e d to b e carried out and a 
film forming process in such a manner that, 

in the preliminary forming process, the vaporizing source does not vaporize the film 
forming material, the RF power unit does not supply the RF power to the inside of the 
vacuum chamber is e vacuat e d to a pr e d e t e rmin e d pr e ssur e, and the bias power supply unit 
supplies the bias voltage in which an absolute value of the pulse bias component is smaller 
than an absolute value of the negative bias component i s output to the inside of the vacuum 
chamber with a cycle set in a range of 1 kHz to 1 GHz to g e n e rat e a pr e liminar y , thereby 
forming the p lasma within the vacuum chamber, and th e n, 
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a film forming procoss is carri e d out in such a mann e r that th e vacuum chamb e r is 
evacuated to a state in which tho material of the film can b e vaporized to generat e a plasma 
for film formation and th e bias voltag e is output with a cycl e set in a rang e of 1 MHz to 1 
GHz to g e n e rat e th e plasma for film formation, th e r e by forming th e film on th e substrat e in 
the film forming process, the vaporizing source vaporizes the film forming material, the RF 
power unit supplies the RF power to the inside of the vacuum chamber, and the bias power 
supply unit supplies the bias voltage to the inside of the vacuum chamber with a cycle set in 
the range of 1 kHz to 1 GHz, thereby forming the plasma within the vacuum chamber, 
changing the vaporized film forming material into the plasma, and depositing the film 
forming material from the plasma on the substrate . 

Claim 2 (previously presented): The ion plating device according to Claim 1, wherein 
a ratio of the predetermined time of the pulse bias to the cycle of the bias voltage is 40% or 
less. 

Claim 3 (previously presented): The ion plating device according to Claim 1, wherein 
the pulse output of the pulse bias is a square wave pulse. 

Claim 4 (previously presented): The ion plating device according to Claim 2, wherein 
the pulse output of the pulse bias is a square wave pulse. 

Claim 5 (original): The ion plating device according to any of Claims 1 to 4, wherein 
the bias power supply unit comprises a waveform generator for generating a basic 
waveform of the bias voltage and a bias power supply for generating the bias voltage having 
a constant value based on the basic waveform output from the waveform generator. 

Claim 6 (withdrawn): The ion plating device according to any of Claims 1 to 4, 
wherein the bias power supply unit comprises a direct current power supply for forming the 
negative bias and a pulse power supply for forming the pulse bias. 

Claim 7 (withdrawn): The ion plating device according to any of Claims 1 to 4, 
wherein the bias power supply unit comprises a waveform generator for generating a basic 
waveform of the bias voltage and a bias power supply for generating the bias voltage having 
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a constant value based on the basic waveform output from the waveform generator, further 
comprising: 

a radio frequency power supply unit for outputting radio frequency power; 

a high pass filter provided between the radio frequency power supply unit and the 
substrate holder for passing an output of the radio frequency power supply unit therethrough 
toward the substrate holder and preventing an output of the bias power supply unit from 
being input to the radio frequency power supply unit; and 

a first low pass filter provided between the bias power supply unit and the substrate 
holder for passing an output of the bias power supply unit therethrough toward the substrate 
holder and preventing an output of the radio frequency power supply unit from being input to 
the bias power supply unit. 

Claim 8 (previously presented): The ion plating device according to any of Claims 1 
to 4, wherein 

the bias power supply unit comprises a direct current power supply for forming the 
negative bias and an impulse train power supply for forming the pulse bias, further 
comprising: 

a low pass filter provided between the direct current power supply and the substrate 
holder, for passing an output of the direct current power supply therethrough toward the 
substrate holder and preventing an output of the impulse train power supply from being input 
to the direct current power supply; and 

a band pass filter provided between the impulse train power supply and the substrate 
holder, for passing an output of the impulse train power supply therethrough toward the 
substrate holder and preventing an output of the direct current power supply from being input 
to the impulse train power supply. 

Claims 9 (withdrawn): The ion plating device according to any of Claims 1 to 4, 
wherein the bias power supply unit comprises a direct current power supply for forming the 
negative bias and a pulse power supply for forming the pulse bias, further comprising: 

a radio frequency power supply unit for outputting radio frequency power; 
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a high pass filter provided between the radio frequency power supply unit and the 
substrate holder for passing an output of the radio frequency power supply unit therethrough 
toward the substrate holder and preventing an output of the bias power supply unit from 
being input to the radio frequency power supply unit; and 

a first low pass filter provided between the bias power supply unit and the substrate 
holder for passing an output of the bias power supply unit therethrough toward the substrate 
holder and preventing an output of the radio frequency power supply unit from being input to 
the bias power supply unit. 

Claim 10 (withdrawn): The ion plating device according to any of Claims 1 to 4, 
wherein the bias power supply unit comprises a direct current power supply for forming the 
negative bias and an impulse train power supply for forming the pulse bias, further 
comprising: 

a second low pulse filter provided between the direct current power supply and the 
substrate holder for passing an output of the direct current power supply therethrough toward 
the substrate holder and preventing an output of the impulse train power supply from being 
input to the direct current power supply; 

a band pass filter provided between the impulse train power supply and the substrate 
holder for passing an output of the impulse train power supply therethrough toward the 
substrate holder and preventing an output of the direct current power supply from being input 
to the impulse train power supply; 

a radio frequency power supply unit for outputting radio frequency power; and 

a high pass filter provided between the radio frequency power supply unit and the 
substrate holder for passing an output of the radio frequency power supply unit therethrough 
toward the substrate holder and preventing an output of the bias power supply unit from 
being input to the radio frequency power supply unit, wherein 

the second low pass filter is adapted to further prevent an output of the radio 
frequency power supply unit from being input to the direct current power supply, and 
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the band pass filter is adapted to further prevent an output of the radio frequency 
power supply unit from begin input to the impulse train power supply. 

Claim 1 1 (withdrawn): An ion plating device comprising: 

a vacuum chamber adapted to be evacuated; 

a substrate holder placed in the vacuum chamber for holding a substrate; and 

a power supply unit for supplying power used for changing a material of a film to be 
formed on the substrate into a plasma and depositing the film from the plasma on the 
substrate to an inside of the vacuum chamber through the substrate holder, wherein 

the power supply unit is adapted to output a bias voltage composed of a negative bias 
component having a predetermined negative voltage value for a predetermined output time 
and a pulse bias component corresponding to a pulse output having a positive voltage value 
for a predetermined time, with a cycle set in a range of 1kHz to 1GHz, and output radio 
frequency power, further comprising: 

a function generator for synthesizing a waveform corresponding to the negative bias 
component of the bias voltage, a waveform corresponding to the pulse bias component of the 
bias voltage, and a waveform corresponding to radio frequency of the radio frequency power; 
and 

a linear amplifier for amplifying the waveform synthesized by the function generator 
and supplying an amplified waveform. 

Claim 12 (previously presented): The ion plating device according to any of Claims 1 
to 4, wherein 

the bias power supply unit comprises a waveform generator for generating a basic 
waveform of the bias voltage and a bias power supply for generating the bias voltage having 
a constant value based on the basic waveform output from the waveform generator, further 
comprising: 

a radio frequency power supply unit for outputting radio frequency power; 
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a high pass filter provided between the radio frequency power supply unit and the 
substrate holder for passing an output of the radio frequency power supply unit therethrough 
toward the substrate holder and preventing an output of the bias power supply unit from 
being input to the radio frequency power supply unit; and 

a first low pass filter provided between the bias power supply unit and the substrate 
holder for passing an output of the bias power supply unit therethrough toward the substrate 
holder and preventing an output of the radio frequency power supply unit from being input to 
the bias power supply unit. 

Claims 13 (withdrawn): The ion plating device according to any of Claims 1 to 4, 
wherein the bias power supply unit comprises a direct current power supply for forming the 
negative bias and a pulse power supply for forming the pulse bias, further comprising: 

a radio frequency power supply unit for outputting radio frequency power; 

a high pass filter provided between the radio frequency power supply unit and the 
substrate holder for passing an output of the radio frequency power supply unit therethrough 
toward the substrate holder and preventing an output of the bias power supply unit from 
being input to the radio frequency power supply unit; and 

a first low pass filter provided between the bias power supply unit and the substrate 
holder for passing an output of the bias power supply unit therethrough toward the substrate 
holder and preventing an output of the radio frequency power supply unit from being input to 
the bias power supply unit, wherein 

a preliminary plasma forming process is adapted to be carried out in such a manner 
that the vacuum chamber is evacuated to a state of 6.7x10" Pa to 6.7x10" Pa, and the bias 
voltage in which an absolute value of the pulse bias component is smaller than an absolute 
value of the negative bias component is output with a cycle set in a range of 1kHz to 1GHz to 
generate a preliminary plasma and then, 

a film forming process is adapted to be carried out in such a manner that the vacuum 
chamber is evacuated to a state in which the material of the film can be vaporized to generate 



Application No.: 09/812,668 



Docket No.: 19036/37209 



a plasma for film formation and the radio frequency power as well as the bias voltage is 
output to generate the plasma for film formation, thereby forming the film on the substrate. 

Claim 14 (withdrawn): The ion plating device according to any of Claims 1 to 4, 
wherein the bias power supply unit comprises a direct current power supply for forming the 
negative bias and an impulse train power supply for forming the pulse bias, further 
comprising: 

a second low pulse filter provided between the direct current power supply and the 
substrate holder, for passing an output of the direct current power supply therethrough toward 
the substrate holder and preventing an output of the impulse train power supply from being 
input to the direct current power supply; 

a band pass filter provided between the impulse train power supply and the substrate 
holder, for passing an output of the impulse train power supply therethrough toward the 
substrate holder and preventing an output of the direct current power supply from being input 
to the impulse train power supply; 

a radio frequency power supply unit for outputting radio frequency power; 

a high pass filter provided between the radio frequency power supply unit and the 
substrate holder, for passing an output of the radio frequency power supply unit therethrough 
toward the substrate holder and preventing an output of the bias power supply unit from 
being input to the radio frequency power supply unit, wherein 

the second low pass filter is adapted to further prevent an output of the radio 
frequency power supply unit from being input to the direct current power supply, 

the band pass filter is adapted to further prevent an output of the radio frequency 
power supply unit from begin input to the impulse train power supply, 

a preliminary plasma forming process is adapted to be carried out in such a manner 
that the vacuum chamber is evacuated to a state of 6.7x1 0" 3 Pa to 6.7x1 0 _1 Pa and the bias 
voltage in which an absolute value of the pulse bias component is smaller than an absolute 
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value of the negative bias component is output with a cycle set in a range of 1kHz - 1GHz to 
generate a preliminary plasma and then, 

a film forming process is adapted to be carried out in such a manner that the vacuum 
chamber is evacuated to a state in which the material of the film can be vaporized to generate 
a plasma for film formation and the radio frequency power as well as the bias voltage is 
output to generate the plasma for film formation, thereby forming the film on the substrate. 

Claim 15 (withdrawn): An ion plating device comprising: 

a vacuum chamber adapted to be evacuated; 

a substrate holder placed in the vacuum chamber for holding a substrate; and 

a power supply unit for supplying power used for changing a material of a film to be 
formed on the substrate into a plasma and depositing the film from the plasma on the 
substrate to an inside of the vacuum chamber through the substrate holder, wherein 

the power supply unit is adapted to output a bias voltage composed of a negative bias 
component having a predetermined negative voltage value for a predetermined output time 
and a pulse bias component corresponding to a pulse output having a positive voltage value 
for a predetermined time, with a cycle set in a range of 1kHz to 1GHz, and output radio 
frequency power, further comprising: 

a function generator for synthesizing a waveform corresponding to the negative bias 
component of the bias voltage, a waveform corresponding to the pulse bias component of the 
bias voltage, and a waveform corresponding to radio frequency of the radio frequency power; 
and 

a linear amplifier for amplifying the waveform synthesized by the function generator 
and supplying an amplified waveform, wherein 

a preliminary plasma forming process is adapted to be carried out in such a manner 

3 1 

that the vacuum chamber is evacuated to a state of 6.7x10" Pa to 6.7x10" Pa, and the bias 
voltage in which an absolute value of the pulse bias component is smaller than an absolute 
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value of the negative bias component is output with a cycle set in a range of 1kHz to 1GHz to 
generate a preliminary plasma and then, 

a film forming process is adapted to be carried out in such a manner that the vacuum 
chamber is evacuated to a vacuum state in which the material of the film can be vaporized to 
generate a plasma for film formation and the radio frequency power as well as the bias 
voltage is output to generate the plasma for film formation, thereby forming the film on the 
substrate. 

Claim 16 (withdrawn): The ion plating device of Claim 15, wherein the cycle of the 
bias voltage applied together with the radio frequency power in formation of the film on the 
substrate is set between 10kHz and 500kHz. 

Claim 17 (canceled) 

Claims 18 (withdrawn): An ion plating method in which a vacuum chamber in which 
a substrate holder for holding a substrate and a vaporizing source for holding a material of a 
film to be formed on the substrate are placed is evacuated to a vacuum state and 
predetermined power is supplied to an inside of the vacuum chamber through the substrate 
holder to generate a plasma from which the film is formed on the substrate, comprising the 
steps of: 

evacuating the vacuum chamber to a state of 6.7xlO" 3 Pa to 6.7xlO~ 1 Pa and applying a 
bias voltage composed of a negative bias component having a predetermined negative voltage 
value for a predetermined output time and a pulse bias component corresponding to a pulse 
output having a positive voltage value for a predetermined time, the pulse bias component 
having an absolute value smaller than an absolute value of the negative bias component, with 
a cycle set in a range of 1kHz to 1GHz, to generate a preliminary plasma; and 

evacuating the vacuum chamber to a state in which the material of the film can be 
vaporized to generate a plasma for film formation and applying radio frequency power as 
well as the bias voltage to generate the plasma for film formation. 
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Claim 19 (withdrawn): The ion plating method of Claim 18, wherein the cycle of the 
bias voltage in the step of generating the plasma for film formation is set between 1 0kHz and 
500kHz. 

Claim 20 (withdrawn): An ion plating method in which a vacuum chamber in which 
a substrate holder for holding a substrate and a vaporizing source for holding a material of a 
film to be formed on the substrate are placed is evacuated to a vacuum state and 
predetermined power is supplied to an inside of the vacuum chamber through the substrate 
holder to generate a plasma from which the film is formed on the substrate, comprising the 
steps of: 

3 1* 

evacuating the vacuum chamber to a state of 6.7x10" Pa to 6.7x10" Pa and applying a 
bias voltage composed of a negative bias component having a predetermined negative voltage 
value for a predetermined time and a pulse bias component corresponding to a pulse output 
having a positive voltage value for a predetermined time, the pulse bias component having an 
absolute value smaller than an absolute value of the negative bias component, with a cycle set 
in a range of 1kHz to 1GHz, to generate a preliminary plasma; and 

evacuating the vacuum chamber to a state in which the material of the film can be 
vaporized to generate a plasma for film formation and applying the bias voltage with a cycle 
set in a range of 1MHz to 1GHz to generate the plasma for film formation. 

Claim 21 (previously presented): The ion plating device according to Claim 1, 
wherein the bias power supply unit outputs the pulse bias voltage with a cycle set in a range 
of 100 kHz to 500 kHz. 

Claim 22 (currently amended): An ion plating device comprising: 

a vacuum chamber adapted to be evacuated; 

a substrate holder placed in the vacuum chamber for holding a substrate; 

a vaporizing source for vaporizing a film forming material to be formed on the 
substrate within the vacuum chamber; 
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a power supply unit including an RF power unit connected to the substrate holder for 
supplying RF power to an inside of the vacuum chamber through the substrate holder for 
changing a the vaporized film forming material into a plasma and for depositing the film 
forming material from the plasma on the substrate and a bias power supply unit connected to 
the substrate holder in parallel to the RF power unit for supplying a bias voltage to the inside 
of the vacuum chamber through the substrate holder simultaneously with the power supplied 
by the RF power unit, and 

a controller wherein the bias power supply unit is adapted to output the bias voltage 
composed of a negative bias component having a predetermined negative voltage value for a 
predetermined output time and a pulse bias component corresponding to a pulse output 
having a positive voltage value for a predetermined time with a cycle set in a range of 1 kHz 
to 1 GHz, and wherein a ratio of the predetermined time of the pulse bias to the cycle of the 
bias voltage is 40% or less and 

the controller controls the ion plating device such that so that the ion plating device 
sequentially performs a preliminary plasma forming process is adapt e d to b e carri e d out and a 
film forming process in such a manner that A 

in the preliminary forming process, the vaporizing source does not vaporize the film 
forming material, the RF power unit does not supply the RF power to the inside of the 
vacuum chamber is e vacuat e d to a pr e d e t e rmin e d pr e ssur e, and the bias power supply unit 
supplies the bias voltage in which an absolute value of the pulse bias component is smaller 
than an absolute value of the negative bias component is output to the inside of the vacuum 
chamber with a cycle set in a range of 1 kHz to 1 GHz to g e n e rat e a preliminar y , thereby 
forming the p lasma within the vacuum chamber, and th e n, 

a film forming process is carri e d out in such a mann e r that th e vacuum chamber is 
evacuat e d to a stat e in which th e mat e rial of th e film can b e vaporiz e d to g e n e rat e a plasma 
for film formation and th e bia s voltag e is output with a cycl e s e t in a rang e of 1 MHz to 1 
GHz to g e n e rat e th e plasma for film formation, ther e by forming th e film on th e substrat e in 
the film forming process, the vaporizing source vaporizes the film forming material, the RF 
power unit supplies the RF power to the inside of the vacuum chamber, and the bias power 
supply unit supplies the bias voltage to the inside of the vacuum chamber with a cycle set in 
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the range of 1 kHz to 1 GHz, thereby forming the plasma within the vacuum chamber, 
changing the vaporized film forming material into the plasma, and depositing the film 
forming material from the plasma on the substrate . 
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